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REFRIGERANT BLENDS CONTAINING 
X. I. I, 2 . 3 , 3 . 3-HSPTArEUQROPRQPANE 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

5 The present invention relates to refrigeration and 

refrigerants, more particularly to the use of refrigerants 
containing 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane • The mixtures of 
the present invention have essentially no effect on 
stratospheric ozone and are useful as refrigerants for 
10 heating and cooling applications . 

Description of the Prior Art: 

The arts of refrigeration and heating are well known, and 
their related technology has seen widespread commercial use. 
Refrigeration or heating can be described as the utilization 

15 of a physical change in a substance to produce a cooling or 
heating effect. For example, a method for producing 
refrigeration comprises condensing a suitable agent, and 
thereafter evaporating the agent in the vicinity of the body 
to be cooled. Conversely, such agents may be utilized for 

20 producing heat by condensing the agent in the vicinity of the 
body to be heated, and thereafter evaporating the agent. 

A number of chlorof luorocarbons (CFCs) have gained 
widespread use in refrigeration and heating applications 
owing to their unique combination of physical and chemical 

25 properties. For example, dichlorodif luoromethane (R12) is 
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employed extensively in mobile (automobile) air conditioning 
and chlorodif luoromethane (R22) is commonly employed in 
residential heat pumps. However, due to their implication in 
the destruction of stratospheric ozone, the production and 
5 use of CFCs is currently being severely restricted, and it is 
expected that the use of these agents will be completely 
banned in the near future. This will require the replacement 
of these agents by refrigerants containing neither chlorine 
nor bromine, and which have no effect on stratospheric ozone. 

10 lOne such zero ozone depleting compound which has been 

proposed is 1 , 1-dif luoroethane (refrigerant R152a) , which has 
been shown to provide 4 to 10% increases in efficiency 
compared to dichlorodif luoromethane (R12), as discussed by 
Kuijpers, et al., in M CFCs: Time of Transition," ASHRAE, 

15 Atlanta, Ga., 1989, p. 175. A major drawback of this 
compound, however, is its high f lammability . 

Additional compounds which have been proposed include the 
halocarbons dif luoromethane (R32) , 1,1, 1-trif luoroethane 
(R143a), 1,1,2-trif luoroethane (R143), and 1 , 1-dif luoroethane 

20 (R152a). However, the f lammability of these compounds, and 
additionally the high vapor pressures of R32 and R143a, have 
precluded the practical use of these compounds. Hydrocarbons 
such as methane (R50), ethane (R170), propane (R290), and 
butane (R600) have also been employed as refrigerants, but 

25 their uses are severely restricted due to their high 
f lammability . 

The art has been continually seeking new fluorocarbon 
based mixtures which offer alternatives for refrigeration and 
heat pump applications, and which are efficient, nontoxic, 
30 non-ozone depleting and nonflammable. 
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SUMMARY OF THE INVENTION: 

Briefly describing one aspect of the present invention, 
there are provided refrigerant compositions including 
1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane and one or more of methane, 
5 ethane, propane, butane, dif luoromethane, 1, 1-dif luoroethane, 
1, 1, 1-trif luoroethane and 1, 1,2-trif luoroethane, dimethyl 
ether, isobutane, 2-chloro-l, 1, 1,2-tetraf luoroethane, 
pent af luoroethane, 1,1,2, 2-tetraf luoroethane, 
1,1,1,2-tetraf luoroethane and cyclopropane. These 

10 compositions display good refrigerant properties, and are 
nontoxic, non-ozone depleting and nonflammable. 
Computer-based models have substantiated that these compounds 
have no effect on stratospheric ozone, i.e., their ozone 
depletion potential (ODP) is zero. Methods for producing 

15 cooling and heating by use of the foregoing compositions are 
also provided. 

It is accordingly an object of this invention to provide 
novel compositions based on 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane 
which are novel, environmentally acceptable refrigerants 

20 which are useful in cooling and heating applications. 
Another object of the invention is to provide such 
refrigerant blends which are nontoxic, chemically stable, and 
present no adverse threat to stratospheric ozone. Other 
objects of the invention will become apparent from the 

25 following description. 



WO 94/00529 



PCT/US93/06043 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the preferred embodiment of the invention and specific 
5 language will be used to describe the same. It will 

nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations, 
modifications and further applications of the principles of 
the invention being contemplated as would normally occur to 
10 one skilled in the art to which the invention relates. 

In accordance with the invention, novel refrigerant 
mixtures have been discovered comprising 

1, 1, 1, 2 , 3 , 3 , 3-heptaf luoropropane (R227ea) in admixture with a 
second compound selected from the group consisting of methane 
15 (R5G), ethane (R170), dif luoromethane (R32), 

1, 1 , 1-trif luoroethane (143a) , 1, 1 , 2-tr if luoroe thane (R14 3) , 
1 , 1-dif luoroethane (R152a) , propane (R290), butane (R600) , 
dimethyl ether, isobutane (R600a) , 

2-chloro-l, 1, 1, 2-tetraf luoroethane (R124) , pent a f luoroethane 

20 (R125), 1, 1,2, 2-tetraf luoroethane (R134), 

1,1,1, 2-tetraf luoroethane (R134a) and cyclopropane (RC270). 
The compositions comprise from about 10 to about 90 weight 
percent 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane and from about 90 to 
about 10 weight percent of the second compound. It is a 

25 feature of one aspect of the present invention that the 

1 ,1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane in combination with a second 
refrigerant which is itself a flammable compound yields a 
non-flammable mixture having desirable refrigerant 
properties. The refrigerant mixtures of the present 

30 invention are useful in compression cycle applications 

including air conditioner and heat pump systems, and are 
useful for producing both cooling and heating. 

In a preferred embodiment of the invention, the 
refrigerant mixtures comprise from about 20 to 80 weight 
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percent 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane , and from about 80 
to 20 weight percent of a second compound selected from the 
group consisting of dif luoromethane (R32), 

1,1, 1-t r if luo roe thane (R14 3a) , 1, 1 , 2-trif luo roe thane (R143) , 
5 1, 1-dif luoroethane (R152a) , propane (R290) , butane (R600), 
dimethyl ether, isobutane, methane (R50), ethane (R170), 
2-chloro-l , 1 , 1 , 2 -tetraf luoroethane, pent af luoroethane, 
1,1,2, 2 -tetraf luoroethane, 1 , 1 , 1, 2- tetraf luoroethane and 
cyclopropane. Mixtures containing larger percentages of 

10 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane exhibit wider ranges of 
nonf lammability , whereas those mixtures rich in the second 
component offer advantages in increased refrigerant 
volumetric capacity. As a result, the mixture compositions 
can be readily tailored to produce a refrigerant fluid 

15 capable of meeting the flammability and performance 

requirements of a particular cooling or heating application. 

The compound 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane is known in 
the art and has been shown to be an efficient fire 
suppression agent. See, e.g., M. Robin, "Large Scale Testing 

20 of Halon Alternatives," 1991 International CFC and Halon 

Conference, Baltimore, MD, December 3-5, 1991; and M. Robin, 
"Halon Alternatives: Recent Technical Progress," 1992 Halon 
Alternatives Technical Working Conference, Albuquerque, NM, 
May 12-14, 1992. Hence, nonflammable mixtures may be 

25 obtained upon combination of 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane 
with flammable compounds such as R32, R143a, R143, R152a, 
R170, R50, R290, R600, dimethyl ether and isobutane. 

Of particular advantage are the mixtures of this 
invention consisting of 1 / 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane and 

30 dif luoromethane (R32). Dif luoromethane (R32) is known in the 
art, and has seen some application as a refrigerant. Its 
uses as a refrigerant are limited, however, due to its 
flammability and also due to its high vapor pressure. 
Mixtures of 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane and R32 are 

35 particularly advantageous as such mixtures can serve as 
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drop-in replacements for R22 in heat pump applications, 
providing a nonflammable refrigerant characterized by 
discharge pressures low enough to allow use of the mixture in 
conventional heating and cooling equipment. For example, 
5 vapor compression cycle calculations indicate a 30:70 by 
weight mixture of R32 and 1 , 1, 1, 2 , 3 , 3 , 3-heptaf luoropropane 
offers essentially identical energy efficiency as R22, and 
has a volumetric capacity virtually identical to that of 
R22. This matching of the volumetric capacities allows the 

10 use of the mixture without having to change the compressors 
currently employed in R22 systems. Mixtures of 
1, 1, 1, 2 , 3 , 3 , 3-heptaf luoropropane and R32 containing greater 
than 30 weight percent of R32 are characterized by volumetric 
capacities greater than that of R22, allowing the use of 

15 smaller, less expensive compressors. 

Additional mixtures of this invention of particular 
advantage are those of 1, 1 , 1, 2 , 3 , 3 , 3-heptaf luoropropane and 
R152a. These can be readily employed as a replacement for 
R12 in refrigerator-freezer systems. Such mixtures are 

20 capable of providing energy efficiency comparable to or 
better than that of R12, and have essentially identical 
volumetric refrigerant capacity. 

It is therefore a further feature of the present 
invention to provide refrigerant mixtures which are 

25 efficient, nontoxic, non-ozone depleting and nonflammable, 
and also which are characterized by operating pressures low 
enough to allow their use in conventional refrigeration and 
heating equipment . 

The inventive mixtures are useful in both heating and 

30 cooling applications. In one process embodiment of the 

invention, the mixtures of this invention may be used, in the 
presence of a suitable lubricant if required, in a method for 
producing refrigeration which comprises condensing the 
mixtures and thereafter evaporating the mixtures in the 

35 vicinity of a body to be cooled. In another process 
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embodiment of the invention, the mixtures of the invention 
may be used, in the presence of a suitable lubricant if 
required, in a method for producing heat which comprises 
condensing the mixture in the vicinity of a body to be 
5 heated, and thereafter evaporating the mixture. 

As described in U.S. Patent No. 4,559,154 to Powell, the 
usefulness of a material as a heat pump fluid is usually 
expressed as a coefficient of performance (COP) , defined as 
the ratio of quantity of heat extracted to the amount of work 

10 expended. The COP is a universally accepted measure useful 
in representing the relative thermodynamic efficiency of a 
refrigerant in a specific cooling or heating cycle. As 
pointed out by Powell, os^ cit. , the COP of a fluid may be 
estimated from the thermophysical properties of the fluid 

15 (e.g., vapor pressure curve, molecular weight, vapor and 
liquid specific heats, etc.). The performance of a 
refrigerant mixture at specific operating conditions can be 
derived from the thermodynamic properties of the refrigerant 
mixture using standard techniques, such as those described 

20 for example by R.C. Downing in "Fluorocarbon Refrigerant 
Handbook," Chapter 3, Prentice-Hall (1988). Specifically, 
refrigerant performance can be derived from a knowledge of 
the thermophysical properties of the fluid employing the 
CYCLE 7 or CYCLE11 methods developed by the National Institute 

25 of Science and Technology (NIST) , or via the techniques 
described in S. Fisher and J. Sand, "Thermodynamic 
Calculations for Mixtures of Environmentally Safe 
Refrigerants Using the Lee-Kesler-Plocker Equation of State," 
Preprints of the 1990 USNC/IIR Purdue Refrigeration 

30 Conference, p. 373. 

It should be understood that the present compositions may 
include additional, non-interfering components, for example 
lubricants, so as to form new refrigeration mixtures. Any 
such compositions are considered to be within the scope of 

35 the present invention. 
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The present invention is more fully illustrated by the 
following examples, which are to be understood as exemplary 
only, and non-limiting. 

5 The performance of mixtures of 

1,1,1,2,3, 3,3-heptaf luoropropane and R152a in a typical heat 
pump application were determined as discussed above, and the 
results are shown in Table 1. The performance of R22, which 
is currently employed in such systems, is also shown for 
10 reference. 

TABLE I 



Weight Percent Discharge Discharge 

R227ea R152a COP 1 Capacity 2 P (kPa) T (°K) 



15 



0.8 


0.2 


0.96 


0.48 


937 




320 


0.6 


0.4 


0 .99 


0.53 


996 




322 


0.4 


0.6 


1.02 


0.58 


1037 




326 


0.2 


0.8 


1.03 


0.61 


1067 




328 


R22 




1.00 


1.00 


1769 




337 


Condenser 


inlet : 


27.8° C; 


Condenser 


outlet: 


37.4° C 




■Evaporator 


inlet : 


26.7° C; 


Evaporator 


outlet : 


13.8° C 




1, 2: Relative to 


R22 











As seen in Table 1, the mixtures of 
1,1,1,2,3,3,3-heptaf luoropropane and R152a offer several 
advantages over the presently employed agent R22. Energy 
25 efficiency (COP) is slightly higher for the mixtures, and the 
lower discharge temperatures and pressures result in longer 
compressor life and more reliable compressor performance. 
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E3AMPLE 2 



The performance of a 25:75 weight percent mixture of 
1, 1,1,2,3, 3,3-heptaf luoropropane and R152a in a typical 
refrigerator-freezer application was determined employing the 
5 method of Example 1, and the results are shown in Table 2. 
The performance of R12, which is currently employed in such 
systems, is included in Table 2 for reference. 

TABLE 2 

Thermodynamic Performance of 25:75 
10 R227ea/R152a Mixture 

Evaporator T - 248° K 

Discharge Discharge 
COP Capacity T (°K) P (kPa) 

R12 1.00 1.00 324 815 

15 R227ea/ 1.06 0.94 327 770 

R152a 



20 R12 



Evaporator T = 256° K 

Discharge Discharge 

COP Capacity T ( °K) P (k.Pa) 

1.00 1.00 321 819 

R227ea/ 1.05 0.94 324 775 
R152a 



The data in Table 2 show that the 25:75 blend of R227a 
and R152a provides essentially the same volumetric capacity 
25 as R12 and superior energy efficiency (COP) . Lower discharge 
pressures with the mixture also contribute to longer 
compressor life and more reliable compressor operation. . 
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EXAMPLE 3 

The performance of a 20:80 weight percent mixture of 
R227ea and R152a was evaluated in a commercial upright 
refrigerator-freezer following a procedure similar to that 
5 described in ANSI/AHAM HRF-1-1988, -American National 
Standard: Household Refrigerators/Household Freezers", 
Section 8/ and also described in Vineyard, et al., "CFCs: 
Time of Transition," ASHRAE, 1989, p. 205. The R12 lubricant 
was first removed from the unit and replaced with a polyol 
10 ester type lubricant, and the system was then charged with 
3.0 ounces of the 20:80 mixture of R227ea and R152a. The 
results are shown in Table 3, which includes the results 
observed for R12 as a reference. 



TABLE 3 





COP 


Capacity 
(Btu/h) 


KWh/d 


R12 


1.29 


685 


1.85 


R227ea/ 


1.26 


623 


1.83 


R152a 








(20:80) 









As seen in Table 3, the 20:80 mixture of R227ea and R152a 
consumes less power in operation (lower KWh/d) than the 
presently employed refrigerant R12 . It should be noted that r 
the above test is not performed under optimum conditions , as 
25 no attempt was made to change the expansion valve in the 

refrigeration system. Hence even greater gains in efficiency 
may be obtainable with the R227ea/R152a mixtures by 
adjustment of the expansion device. 
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EXAMPJUE, 4 

The performance of a 50:50 by weight mixture of R227ea 
and R152a was evaluated in a commercial upright 
refrigerator-freezer as described in Example 3, employing a 
5 4.8 ounce charge of the 50:50 mixture. The observed COP was 
1.19 and the volumetric capacity was determined to be 590 
BTU/h. Power consumption was measured to be 1.92 KWh/day. 

EXAMPLE 5 

The performance of mixtures of R227ea and R32 were 
10 evaluated as described in Example 1, and the results are 
shown in Table 4. 



TA3EE 4 



15 



20 



Weight 
R32 


Percent 
R227ea 


COP 1 


Capacity 2 


Discharge 
T (°K) 


Discharge 
P (kPa) 


0.1 


0.9 


0.97 


0.62 


324 


1200 


0.2 


0.8 


1.00 


0 .80 


329 


1494 


0.3 


0.7 


1.01 


0.96 


333 


1742 


0.4 


0 . 6 


1.01 


1.09 


336 


1957 


0 . 5 


0 . 5 


1.01 


1.22 


338 


2148 


0.6 


0.4 


1.01 


1.33 


341 


2320 


0.7 


0.3 


1.01 


1.42 


343 


2474 


0.8 


0.2 


1.01 


1.51 


345 


2609 


0.9 


0 . 1 


1.00 


1.59 


348 


2720 


R22 




1.00 


1.00 


337 


1769 



25 Condenser inlet: 27.8° C; Condenser outlet: 37.4° C 
Evaporator inlet: 26.7° C; Evaporator outlet: 23.8° C 
1, 2: Relative to R22 



As the results in Table 4 demonstrate, the mixtures are 
capable of providing energy efficiency and volumetric 
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capacity equal or superior to that of R22. A 30:70 weight 
percent mixture of R32 and R227ea for example can serve as a 
drop-in replacement, for R22, providing virtually identical 
efficiency (COP) and volumetric capacity. 

The performance of mixtures of R227ea and R290 were 
evaluated as described in Example 1, and the results are 
shown in Table 5. 



TABLE 5 



15 



Weight 
R227ea 


Percent 
R290 


COP 1 


Capacity 2 


Discharge 
T (°K) 


Discharge 
P (kPa) 


0.1 


0.9 


0.92 


0.76 


320 


1560 


0.3 


0.7 


0.93 


0.73 


321 


1471 


0.5 


0.5 


0.94 


0. 68 


321 


1359 


0.7 


0.3 


0.94 


0. 60 


321 


1211 


0.9 


0.1 


0.92 


0.48 


321 


998 


R22 




1.00 


1.00 


337 


1769 



Condenser inlet: 27.8° C; Condenser outlet: 37,4° C 
Evaporator inlet: 26.7° C; Evaporator outlet: 13.8° C 
20 1, 2: Relative to R22 

As can be seen from the results in Table 5, the 
R227ea/R290 mixtures are capable of providing efficiency 
(COP) close to that of R22, and are also characterized by 
lower discharge temperatures and pressures compared to R22, 
25 leading to longer compressor life and more reliable 
compressor operation. 
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15 



20 
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EXAMPkE 7 



The performance of a 70:30 by weight mixture of R227ea 
and dimethyl ether was evaluated in a commercial upright 
refrigerator-freezer as described in Example 3, employing a 
3.6 ounce charge of the 70:30 mixture. The observed COP was 
1.14 and the volumetric capacity was 460 BTU/h. Power 
consumption was measured to be 1.99 KWh/day. 

EXftMPkE 8 

The performance of a 75:25 by weight mixture of R227ea 
and isobutane was evaluated in a commercial upright 
refrigerator-freezer as described in Example 3, employing 3.0 
ounce charge of the 75:25 mixture. The observed COP was 0.57 
and the volumetric capacity was 228 BTU/h . Power consumption 
was measured to be 2.83 KWh/d. 

EXAMPLE 9 



Evaluation of mixtures of R227ea and each of methane 
(R50), ethane (R170), butane (R600) , 1, 1, 1-trifi luoroethane 
(R1438) and 1, 1, 2-trif luoroethane (R143) also demonstrates 
that the resulting compositions provide suitable energy 
efficiency and volumetric capacity for use in cooling and 
heating applications. Optimization for these compositions, 
as well mixtures of R227ea with R32, R152a and R290 as in the 
foregoing examples, may be made for various applications, and 
suitable compositions are obtained for various blends ranging 
25 from 10 to 90 percent by weight R227ea, particularly from 20 
to 80 percent by weight R227ea. The non-R227ea component may 
also comprise more than one of the other listed compounds. 
Selection of weight percentages for the respective compounds 
is made based on flammability and performance requirements of 
a particular cooling or heating application. 



30 



WO 94/00529 



PCI7US93/06043 



-14- 



Example 10 

The performance of 30:70 by weight blends of 
1,1,1,2,3,3,3-heptaf luoropropane (R227ea) with 
2-chloro-l,l,l,2-tetraf luoroethane (R124), pentaf luoroethane 
5 (R125), 1,1,2, 2-tetraf luoroethane n(R134), 

1,1,1,2-tetraf luoroethane <R134a) and cyclopropane (RC270) 
was determined employing the method of Example 1, and the 
results are shown in Table 6. 



Table 6 



10 



20 





COP 1 


Capacity 2 


Discharge 
P (kPa) 


Discharge 

T(°K) 


R227ea(30)/ 
R124(70) 


0.96 


0.38 


738 


320 


R227ea(30)/ 
R125(70) 


0.89 


0.83 


1791 


323 


R227ea(30)/ 
R134(70) 


0.97 


0.50 


955 


320 


R227(30)/ 
R134a(70) 


0.96 


0.58 


1125 


321 


R227ea(30)/ 
RC270(70) 


1.02 


0.70 


1215 


330 


R134a 


0.97 


0.63 


1213 


324 


R22 


1.00 


1. 00 


1769 


337 



Condenser inlet: 27.8°C; Condenser outlet: 37.4°C 
25 Evaporator inlet: 26.7°C; Evaporator outlet: 13.8°C 

1,2: Relative to R22 



As can be seen from the results in Table 6, the mixtures 
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are capable of providing efficiencies (COP) approaching or 
exceeding that of R22, and are in general characterized by 
lower discharge pressues and temperatures/ leading to more 
reliable compressor operation and longer compressor life. 
5 Having described the invention in detail and by reference 

to preferred embodiments thereof, it will be apparent that 
modifications and variations are possible without departing 
from the scope of the invention defined in the appended 
claims . 
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What is claimed is: 

1. In a refrigeration process which utilizes a 
refrigerant , the improvement comprising using as the 
refrigerant a composition comprising: 

5 (a) 1, 1, 1,2, 3, 3, 3-heptaf luoropropane; and 

(b) one or more compounds selected from the group 
consisting of methane, ethane, propane, butane, 
dif luoromethane, 1, 1-dif luoroethane, 

1, 1, 1-trif luoroethane, 1, 1, 2-trif luoroethane, dimethyl 
10 ether , isobutane, 2-chloro-l , 1 , 1, 2-tetraf luoroethane , 

pent af luoroethane, 1,1,2, 2-tetraf luoroethane , 
1, 1, 1, 2-tetraf luoroethane and cyclopropane. 

2. The improvement of claim 1 wherein the concentration 
of 1,1, 1, 2 ,3, 3, 3-heptaf luoropropane in the refrigerant 

15 composition is between about 10 and about 90 percent by 
weight. 

3. The improvement of claim 1 wherein the concentration 
of 1,1, 1,2, 3, 3, 3-heptaf luoropropane in the refrigerant 
composition is between about 20 and about 80 percent by 

20 weight . 

4. The improvement of claim 1 wherein the refrigerant 
composition consists essentially of 

1,1, 1,2 ,3, 3, 3-heptaf luoropropane and propane. 

5. The improvement of claim 4 wherein the concentration 
25 of 1,1, 1,2, 3, 3, 3-heptaf luoropropane is between about 10 and 

about 90 percent by weight. 



6. The improvement of claim 1 wherein the refrigerant 
composition consists essentially of 

1,1, 1,2, 3, 3, 3-heptaf luoropropane and dif luoromethane . 
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7. The improvement of claim 6 wherein the concentration 
of 1,1,1/2,3, 3, 3-heptaf luoropropane is between about 10 and 
about 90 percent by weight. 

8. The improvement of claim 1 wherein the refrigerant 
5 composition consists essentially of 

1, 1,1,2, 3, 3, 3-heptaf luoropropane and 1, 1-dif luoroethane. 

9. The improvement of claim 8 wherein the concentration 
of 1,1, 1,2, 3, 3, 3-heptaf luoropropane is between about 10 and 
about 90 percent by weight. 



10 



10. A refrigerant composition which consists essentially 



of: 



(a) 1, 1, 1,2, 3, 3, 3-heptaf luoropropane; and 

(b) one or more compounds selected from the group 
consisting of methane, ethane, propane, butane, 

15 dif luoromethane, 1, 1-dif luoroethane, 

1, 1, 1-tr if luoroethane, 1 , 1 , 2-tr if luoroethane , dimethyl 
ether, isobutane, 2-chloro-l, 1, 1,2-tetraf luoroethane, 
pentaf luoroethane, 1, 1, 2 , 2-tetraf luoroethane, 
1, 1, 1, 2-tetraf luoroethane and cyclopropane. 

20 11. The composition of claim 10 wherein the 

concentration of 1 ,1 , 1 , 2 , 3, 3 , 3-heptaf luoropropane is between 
about 10 and about 90 percent by weight. 

12. The composition of claim 11 wherein the 
concentration of 1 , 1 , 1 , 2 , 3 , 3 , 3-heptaf luoropropane in the 
25 refrigerant composition is between about 20 and about 80 
percent by weight. 



13. The composition of claim 10 and which further 
includes a lubricant. 
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14. A method for producing cooling which comprises 
condensing a refrigerant composition and thereafter 
evaporating said refrigerant composition in a heat exchange 
relationship with a body to be cooled, the refrigerant 

5 composition consisting essentially of 

1,1, 1,2, 3, 3, 3-heptaf luoropropane , and one or more compounds 
selected from the group consisting of methane, ethane, 
propane , butane , dif luorome thane , 1 , 1-dif luoroe thane , 
1, 1, 1-trif luoroethane, 1, 1,2-trif luoroethane, dimethyl ether 
10 isobutane, 2-chloro-l, 1, 1,2-tetraf luoroethane, 
pent af luoroethane, 1,1,2, 2-tetraf luoroethane , 
1, 1, 1,2-tetraf luoroethane and cyclopropane. 

15. The method of claim 14 wherein the concentration of 
1, 1,1, 2, 3, 3, 3-heptaf luoropropane in the refrigerant 

15 composition is between about 10 and about 90 percent by 
weight . 

16. A method for producing heating which comprises 
condensing a refrigerant composition in a heat exchange 
relationship with a body to be heated and thereafter 

20 evaporating the refrigerant composition, the refrigerant 
composition consisting essentially of 

1, 1, 1,2, 3, 3, 3-heptaf luoropropane, and one or more compounds 
selected from the group consisting of methane, ethane, 
propane , butane , dif luoromethane , 1 , 1-dif luoroethane , 
25 1, 1/ 1-trif luoroethane, 1 , 1 , 2-tr if luoroethane , dimethyl ether 
isobutane, 2-chloro-l, 1, 1, 2-tetraf luoroethane, 
pent af luoroethane, 1, 1, 2 , 2-tetraf luoroethane , 
1, 1, 1,2-tetraf luoroethane and cyclopropane. 

17. The method of claim 16 wherein the concentration of 
30 1,1, 1,2, 3, 3, 3-heptaf luoropropane in the refrigerant 

composition is between about 10 and about 90 percent by 
weight. 
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